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The electrical energy is necessary for daily life, but there is a continuous 
increase in the usage rate of electric energy. Such an increase is a big 
problem, which makes us think about using alternative energy for 
conventional energy, in addition to the problem of pollution resulting from 
the use of energy generation. Solar energy is a solution for energy in terms 
of consumption, besides there is no environmental risk in the use of solar 
energy. In this work, an integrated solar system operating in the daytime has 
been designed to operate a 3-phase induction motor (IM). The study begins 
by simulating the system in the MATLAB/Simulink program in order to find 
out the results and verify them using the same components of the proposed 
algorithm. The system with photovoltaic (PV) modules 1080 W, whereas the 
PV array is a direct source of the designed split source inverter (SSI). This 
SSI is controlled by sine pulse width modulation (SPWM). The maximum 
power point tracking (MPPT) incremental conductance (INC) method is 
monitored by a computer connected to the system via a Wi-Fi connection, 
the 3-phase IM (373) W. The results reveal the efficiency of the system and 
that it can be versatile. 
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1. INTRODUCTION 


One of the wonderful solutions to the increasing depletion of fossil fuels is the alternative energy, 
which is renewable energy [1], [2]. Including solar energy, to meet the demands of energy used in daily 
industries, agriculture and irrigation, as well as the population's energy use. And all this is due to reliability 
and lack of maintenance [3], [4]. Controlling the speed of the induction motor (IM) is one of the most 
important requirements for the IM [5]. The frequency is variable as the speed is dependent on speed of the 
rotor field made available by the stator. Likewise, Additionally, a variable voltage is needed [6]. This method 
is called V/f method. The inverter is equipped with panels and the inverter in turn feeds the IM. In Figure 1 
the proposed system for controlling the speed of rotation of the IM is illustrated. 
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Figure 1. The proposed solar system diagram 
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2. MATERIALS AND METHODS 
2.1. Solar energy 


PV energy is a significant electric energy solution. As a study case, by understanding the amounts of 
solar radiation that fall on various places throughout the year, it is feasible to evaluate Iraq's potential for PV 
energy, when the monthly averages of a solar radiation total that falls on the horizontal surface of every 
location in Iraq are discovered [7], [8]. Figure 2 depicts that these rates are at their highest irradiance (W/m?) 
during winter. These rates are at their maximum during the summer. Figure 3 displays the annual spatial 
distribution of solar irradiance from Iraq. In general, these numbers show that Iraq is rich in solar energy in 
all locations, which may be invested in a variety of solar energy applications [9]. The photoelectric system 


has several advantages, including high dependability because it is a free source and low maintenance because 
its pieces are permanent. 
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Figure 2. Average solar irradiance(horizontal) vs months Figure 3. Yearly sun radiation in Iraq 


2.2. Algorithms for MPPT 


To boost the solar system's energy effectiveness, the maximum power point tracking (MPPT) 
formula is utilized. MPPT can really be accomplished in a variety of ways. The INC approach was used in 
this research. MPPT is implemented through INC method it's shown in Figure 4. Figure 5 displays the 
current and power as the MPPT algorithm is applied to various radiation values. 
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Figure 5. MPPT algorithm to various irradiation values 
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The INC approach is predicated on the notion that PV output's power derivative is equal to 0. The 
outputs of this technique are virtually effective in quick switching situations when the PV radiation is 
reduced, the MPP moves to the left. This approach is regarded as one of best in regards to performance, but it 
is expensive and has a complicated control circuit. An MPPT system's optimal performance specifications 
include sufficient tracking precision, speed, minimal steady-state error, and high efficiency [10]. The ratio of 
generated solar energy to voltage obtained in MPPT via INC method is zero, as shown in (1). 


dP/dV = 0 (1) 
P =Vei (2) 
a") 14 «dl /dV =0 (3) 
aE ony 

dV 

dI/dV = —I /V (4) 


Where dV, dI is harmonic of voltage (V) and current (I). Z, Vis voltage (V) and current (I). Error is expressed 
as (5): 


dl 
“+1/V ~0 (5) 


2.3. PV computer modeling 

When the photon energy hits a PV cell's surface, it absorbs it and releases energy-carrying electrons, 
which spin through an external load in a closed loop circuit to provide the cell with energy [11], [12]. An 
essential PV performance is shunt resistance (RSH). The leakage current across the load circuit is plainly 
reduced. According to various electrical parameters, the nearby cells' leakage currents define the matrix's 
output power, while a single cell's local heating causes a cell to degrade. Al Juheshi [13] talks about the 
impact of parallel leakage current resistance. Figure 6 shows A PV cell's modeling. 


I=I,-Ig-Ish (6) 
Where I, I, Ia, Isn is the output current, photocurrent, diode current, the current leak in the parallel resistance 


respectively. These mathematical equations describe how the light generated current fluctuates with 
temperature and irradiance: 


|= 1, ~tsfexp Sat] Huta o 

L=% (8) 
V 

Is = Isc/lexp wy. -1] (9) 
V+IRs 

l = Is/[exp O 1] (10) 

Ish = (V +L Rs)/Rsn (11) 

V: = KTNs/q (12) 


where Ns, Iz, Is, Rs and Rs, represent the number of series connected cells, light generated current, the reverse 
saturation current, the series resistances and parallel resistance of cell respectively. The electron charge 
q=1.60217646x10-'° C, Boltzmann’s constant k=1.3806503x 10-7 J/K, ideality factor modified is a. 


BSW FF ee (13) 
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Where FF, Im, and Vm are, respectively, the fill factor, a reliability indicator, a maximum current, and a 
maximum voltage. 


FF = Pmax /Ptneoreticat (14) 


Where Pin, Pout the input power and output power. 


Pout = Pmax (W/m?) (15) 
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Figure 6. A PV cell's modeling 


2.4. Speed computer control IM 

In multiple industries over the years, including paper mills, factories, steel and cement plants, 
robots, and wind power systems, IM has been widely used. because of its easy maintenance, great longevity, 
and straightforward and stable structure. The control system is depicted in Figure 6 as consisting of an IM 
controller, an inverter, a sensor, and an IM [14]. The rotor speed control method in IM via the V/f control 
method is shown in Figure 7. Based on the reference frequency (fs *), standard control IM determines the 
stator voltage as follows: 


* Vn-Vmin * 
Vo" = Chm (16) 


Vmin Vn, fmin and fan are the minimum voltage, rated voltage, minimum frequency, rated frequency. The 
reference voltage formulas are: 


Vi = Vý cos(21f,'t) (17) 


Vg = Vš sin(2rf;t) (18) 


Reference 


* - 
Frequency fs Electric 


Machine 
V,,= V, cos (2n ft) 
vA = Vy" sin (2n ft) 


Figure 7. Scheme of V/f Control method 
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In this study, an inverter with a PWM sinusoidal voltage supply and an induction motor were 
controlled by a computer using a mathematical model of the system. It is suggested to use a single-phase PV 
system with a three-phase IM motor. The PWM to MPPT control method from sunlight is combined with the 
stroke control algorithm in the discrete system. Figure 8 depicts the PWM implementation used in this 
investigation using MATLAB/Simulink. 
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Figure 8. SPWM generation technique 


The mathematical model of the IM in the direct quadrature dq-reference frame. 
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Where w, , Ttr, Ls, Lr Lm, o and are IM velocity (rad/s) , rotor time, stator inductance, rotor inductance , 
mutual inductance , leakage coefficient [15]. 

The structure of the inverter consists of passive components, diodes and insulated-gate-bipolar 
transistors (IGBTs). Figure 9 shows SSI in MATLAB/Simulink. The SSI is using the same bridge as a 
voltage-source inverter (VSI). Two components make up the SSI impedance network: a capacitor (C) linked 
in parallel to the inverter bridge and an inductor (L) connected in series to the DC source [16]. Three diodes 
link the three inductors to each bridge leg's switch node. The SSI charges L in impedance network to use the 
lowest switches of a bridge, The higher switches diodes are then utilized to discharge L and charge C where 
at minimum one switch is engaged for charging. while every lower switch is off. scalar control, INC MPPT, 
and SPWM generator are all included in inverting control. Inverter control is seen in Figure 10. MPPT 
increment is 0.01 V, upper and lower outputs limits are (104,75) V, and the output beginning value (V) is 
(105) V. In Figure 11, the gate pulse from SPWM is seen. 
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Figure 9. The structure of the SSI 
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Figure 10. Inverter control 
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Figure 11. Gates pulse 


Switches on any leg (S5 and S2, S1 and S4, S3 and S6, where Sı +S, = 1 , S3 + S4 = 1and Ss; + 
Sz = 1) cannot be switched on together in single-phase VSI [17]. 


Vdc/2(S, — S6) = Van + Vno (19) 
Vdc/2(S3 — S4) = Vpn + Vao (20) 
Vdc/2(Ss — S2) = Ven + Vno (21) 


The load's phase voltages are Van, Ven and Vpn and its neutral voltage relative to inverter base is V no. 


Vdc/2(M,) = Van + Vao (22) 
Vdc/2(M3) = Vpn + Vao (23) 
Vdc/2(Ms) = Vin + Vno (24) 


Where M is the modulation signal. 
M=msin(at + 9) (25) 


Where ¢ signal phase just at the beginning of the reference period is and (m) modulation index may vary 
from 1 to 0. The (26) is created by adding (19) through (21) as follows: 
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Vdc/2[(Ss + S3 + S1) — (Sg + S4 + S2 )] = Van + Von + Ven + 3Vno (26) 
Vig = Vdc/2[2S; + 253 + 2S; — 3] (27) 


altering the operating frequency in order to manage synchronous speed. The stator contains the induced 
voltage is Ela Øf, @ is the flux air gap and fis frequency. You may disregard the stators voltage drop and 
obtain the line voltage V ~ Ø. To keep a consistent V/f ratio, the voltage varies whenever the frequency is 
adjusted to regulate the IM speed. For different f values within the operating range, the maximum torque 
remains as is the case with different speed [18]. 


2.5. LC filter 

One of filtering chamber that combines the options (C and L) is this one. It is effective and has a 
large enough ripple reduction factor. A perfect process filter may be created by combining the capacitor's job 
of stabilizing voltage with inductor filter's work of smoothing the current [19]. Figure 12 depicts an LC filter 
and its output voltage. The Thevenin circuit for LC filter connected between IM and SSI are shown in 
Figure 13. 


_ [Lp*stLy)] 
eq 7 [Lp+(Ls+Lr)] (28) 
It was decided to use an L filter so that drop voltage would be less than 3%. C that is selected so that 
FC falls below the conversion frequency of one-third [20], [21]. 


Leg = i (29) 
Tmax: Peak current of inductor. 
L Leq 
M T N T 
Figure 12. LC filter Figure 13. Equivalent of Thevenin LC filter 


3. RESULTS 

In order to evaluate the performance of the proposed system, computer simulations using 
MATLAB/Simulink have been performed using IM of (373) W, whose parameters are listed in Table 1. The 
system has also been implemented in practical. Table 2 shows a closed loop V/f IM control result. 

The MATLAB/Simulink implementation of proposed algorithm is seen in Figure 14 while Figure 15 
shows the hardware setup of the proposed system. The PV entry temperature may be adjusted from 0 to 
(25) °C. Additionally, the amount of solar radiation that enters the PV may be adjusted from zero to 
(1000) W/m?. The collection of PV panels transforms solar energy into DC current as in [22]. In order to 
design PCB boards, they were initially simulated in proteus v8.9 [23]. The final simulation was obtained in a 
3D visualizer. The component used in control board is STM32F334R8T6 Microcontrollers [24], [25]. 


Table 1. IM parameters Table 2. Results of closed loop V/f control 
Values Quantity VDC VAC f Vit 

373W Power 104 69.2 15 4.61 

50 Hz Supply frequency 104 92.0 20 4.60 

1440 RPM _ Rated speed 104 116.0 25 4.64 

2 No. of pair poles 104 137.5 30 4.58 

15 Q Rotor resistance 104 162.1 35 4.63 

20 Q Stator resistance 104 184.3 40 4.60 

0.98 H Rotor inductance 


0.98 H Stator inductance 
0.922 H Mutual inductance 
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Figure 15. Hardware setup of the PV system 


Figure 16 illustrates a simplified block diagram of the controlled system. The plant including the 
power circuit, PV, and current transducer is modeled as a second-order transfer function given. The system 
response of the considered closed loop system is shown in Table 3. 

A pure sine signal must be obtained by adding filter after inverter circuit, as shown in Figure 17, 
because voltage before the filter is not a sine wave. The outcome of feeding the inverter's output into the 
filter is a clean sinusoidal voltage ranging from (250 V to -250 V). The output filter is simulated, and the 
results are shown in Figure 18. 
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Figure 16. Block diagram of feedback control system 


Table 3. System response 
Gain k Max. overshoot Rise-time (sec) Steady state error 
10 3 1.1 0.08 


Voaltage(Volt) 


Voltage(Volt} 


0 0.5 1 Time(Sec) 1.5 2 2.5 o 0.5 Tinel 2 25 


Figure 17. Inverter voltage with three levels Figure 18. Output waveform after the LC filter 
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The IM's torque is fixed at 4 Nm lasting less than one second after the brief response, as seen in 
Figure 19. To guarantee an increase in IM efficiency in steady-state zone that starts roughly after the first 
second, the suggested system torque substantially drops by 50% during (0.25s to 0.75s). The IM reference 
speed is (1440) RPM is shown in Figure 20. The IM's rotor current is fixed on 2Amp after transient response 
fewer than 1s as seen in Figure 21, same for the stator current seen in Figure 22. At startup, the IM stator 
current is around (10) Amp, then it steadily drops until it achieves a current of (2.5) Amp. 

Peak-to-peak voltage phase at a frequency of (50) Hz is shown in Figure 23, with a voltage level of 
(576 )V. Line current are displayed in Figure 24. The current value (2.75) Amp. PV voltage is seen in Figure 25 
at 1:00 p.m. The voltage at this moment have a value of( 104) V. The oscilloscope-measured portion of the 
S2 and S5 SPWM is shown in Figure 26. 
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Figure 19. Torque of the IM 
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Figure 21. IM rotor current 
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Figure 20. IM speed 
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Figure 22. IM stator current 
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Figure 24. Line current at 50 Hz 
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Figure 25. PV voltage at 1.5 pm 
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4. CONCLUSIONS 

An easy-to-use but effective PV standalone system is shown in this study. Utilizing 
MATLAB/Simulink, it models each component, simulates the entire system, and deals with radiation and 
temperature. The primary goal is to develop a cost-effective system that can be applied in a variety of 
industries by controlling the speed of the induction motor utilizing solar energy and fewer components. An 
economic analysis of an independent PV system was conducted, and the value of PV systems modules (PV, 
filter, and inverter). With the aid of PWM pulses generated by the SPWM system, this system uses an SSI 
inverter to convert DC voltage acquired from PV to AC voltage gained by driving specially designed IGBTs 
switches. The INC technique is utilized to complete the MPPT computation in order to extract the most 
power possible from the PV array. Use the V/f control to more effectively start and regulate the speed of 
instant messaging. The computer's MATLAB/Simulink interfaces are constructed using real hardware. The 
system's simulation results are well-aligned with the corresponding experimental setups. This work has led to 
the conclusion that this system can be employed in a variety of ways to generate clean, environmentally 
friendly energy. 
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